Background: To create and find accurate and reliable instruments for the measurement of physical activity has been a challenge in epidemiological studies. We investigated the reliability and validity of two different physical activity questionnaires in 71 adolescents aged 13-18 years; the WHO, Health Behaviour in Schoolchildren (HBSC) questionnaire, and the International Physical Activity Questionnaire (IPAQ, short version).
Background
Physical activity during adolescence is positively related to physical fitness and health both in adulthood and later life [1, 2] . However, physical activity is not synonymous with physical fitness. Physical activity is defined as any body movement produced by skeletal muscles resulting in a substantial increase in energy expenditure [3] , while physical fitness is a set of attributes related to people's ability to perform physical work [4] . The cardiorespiratory component of physical fitness is related to the ability to perform dynamic large muscle mass work at moderate to high physical intensity over a prolonged period. This is important from a health point of view [3] . Physical fitness measured as cardiorespiratory fitness (maximal oxygen uptake) is positively related to improved health in general and to prevention of cardiovascular diseases in particular [5, 6] . Recent studies show that the dose-response gradient for various health outcomes is steeper across categories of cardiorespiratory fitness than across groups with different levels of physical activity [7] . The greatest improvements in health status have been found when people who are sedentary become physically active. Church et al. [8] found a graded dose-response change in fitness across different levels of physical activity, and even exercise at only 50% of the physical activity recommendations provided some improvement on fitness. This promotes the understanding and importance of frequent physical activity at any level, thus even low physical activity is beneficial [9] .
Representative data are essential in order to assess and monitor physical activity and physical fitness in a population and to study time trends. In epidemiological studies the use of self-reported questionnaires is often the only feasible method [10] . Self-reported questionnaires assessing vigorous physical activity have shown acceptable reliability and validity for adults [11, 12] . The challenge is to get valid data for moderate and low physical activity [13] . To assess trends in the population a standardised questionnaire is strongly recommended [14] . Finding an accurate and reliable measurement of physical activity for children and adolescents is especially challenging because this group most often lacks a precise understanding of concepts like physical activity, exercise, sport and fitness [4] . In addition, these concepts are often not precisely defined in questionnaires. It is therefore of particular importance to study the validity and reliability of questionnaires aiming at measuring physical activity among adolescents.
One frequently used questionnaire for children and adolescents is the World Health Organization Health Behaviour in Schoolchildren (WHO HBSC) Survey Questionnaire [15] . To our knowledge only one study, conducted among Australian students, has validated the questions about physical activity in the WHO HBSC survey [16] . The International Physical Activity Questionnaire (IPAQ) is a physical activity questionnaire designed by a multinational working group as a common instrument for epidemiological studies [17] . Long and short versions of the IPAQ are available. It is designed for adults aged 15-65 years [18] , but has only been validated for those 18 years and older [17, 19, 20] . The questionnaire has been used to monitor physical activity among people aged 15-78 years [21] .
The purpose of this study was to investigate the reliability and validity of the physical activity questions from the WHO HBSC questionnaire and from the IPAQ (short version) among adolescents aged 13-18 years. Comparisons were done with objective measures of both physical activity and physical fitness.
Methods

Participants
The study population was recruited from two municipalities in Nord-Trøndelag County, Norway. The participants, aged 13-18 years old, were identified and randomly selected from four different schools in the included municipalities. An invitation was distributed by the teachers at the schools. Each participant received an information folder and signed a written consent. The parents of participants below 16 years also signed the consent.
Participation in the study was voluntary. A total of 200 adolescents were invited, 71 participated. With an estimated effect size of 0.5 and power of 80% (two-tailed alpha = .05), between the scores from the physical activity questionnaires and the objective measures, the study needed a sample of 58 participants
Instruments
Physical activity questionnaires
The WHO HBSC Physical Activity Questionnaire has recently been used in two extensive studies in Norway; The Young-HUNT Study (adolescents 13-19 years, the Youth Part of the second Nord-Trøndelag Health Study, HUNT 2), and in the Health Behaviour in Schoolchildren study (HEVAS/HBSC) [15, 22] . The questionnaire records the responder's physical activity level in sports and exercise by asking the adolescent to report the frequency and total amount of time spent exercising vigorously outside school hours. The frequency question was: "Outside school hours: How often do you usually exercise in your free time so much that you get out of breath or sweat?". The frequency question had eight response alternatives: "every day", "4-6 days a week", "2-3 days a week", "one day a week", "not every week, but at least once every 14 th day", "not every 14 th day, but at least once a month", "less than once a month" and "never". The duration question was: "Outside school hours: How many hours do you usu-ally exercise in your free time, so much that you get out of breath or sweat?". The duration question had six response alternatives: "7 hours per week or more", "about 4-6 hours a week", "about 2-3 hours a week", "about one hour a week", "about half an hour a week" and "none". Answers were recoded into three categories of physical activity for both frequency and duration. "Low activity" represent "one day a week or less" or "one hour a week or less"; "moderate activity" represent "2-3 days a week" or "2-3 hours a week"; "high activity" represent "four days a week or more" or "four hour a week or more" ( Table 1 ).
The International physical activity questionnaire (IPAQ), self-administered short version was designed for use among young and middle aged adults, 15-69 years old [18] . The questionnaire inquires activity during the last week. The questions focus on four activity types: "vigorous activity" periods for at least 10 min; "moderate activity" periods for at least 10 min, "walking" periods for at least 10 min and times spent "sitting" on weekdays. Frequency of activity is measured in days and duration in hours and minutes. Answers from the IPAQ were recoded in a categorical score, classified into three categories (Table 1) ; "low", "moderate" and "high" physical activity as defined by the IPAQ working group [18] .
Maximal oxygen uptake (VO 2peak )
A metabolic analyzer, Metamax II (Cortex Biophysic GmbH, Leipzig, Germany), was used for measuring VO 2peak . The measurements were done in the participants' schools. The analyser recorded and displayed data every 10th second. The data collected were stored, using the program Cortex Metasoft. The Metamax II has been validated applying the Douglas bag technique as the criterion method [23] .
The instrument has built-in sensors for O 2 and CO 2 . It contains a barometer and a thermometer and measures the flow of the breathed air by means of a turbine flow meter attached to the breathing mask. Before each test started, the instrument was calibrated against ambient air and a commercial gas with known concentrations of O 2 (16%) and CO 2 (4%). The concentration of O 2 and CO 2 in room air was recorded, and the flow transducer was calibrated using a 3-L high-precision calibration syringe (Calibration syringe D, Sensor Medics, Yorba Linda, CA) before testing each participant.
ActiReg
The ActiReg (PreMed AS, Oslo, Norway) is an activity monitor recording both body position and movement, Exercise four days or more a week, so much that you get out of breath or sweat
Four hours or more a week of exercise, so much that you get out of breath or sweat
• Vigorous-intensity activity on at least 3 days pr. week and accumulating at least 1500 MET-min/week OR • 7 or more days pr. week of any combination of walking, moderate-intensity or vigorous-intensity achieving a minimum of a least 3000 MET-min/week. METs = Intensity of activity compared to resting energy expenditure contrary to an accelerometer, which records body position only. The ActiReg has two pairs of position and motion sensors connected by cables to a battery-operated storage unit fixed to a waist belt. Each pair of sensors was attached by medical tape to the chest and to the front of the right thigh respectively. The ActiReg distinguishes between four body positions; standing, sitting, bent forward and lying down. Every second the combination between body position and movement is registered, and every 60 seconds activity factors are calculated. An especially designed computer program, the ActiCalc, processes the collected data. This program stores all specific data and calculates energy expenditure. Description and validation of the ActiReg was published by Hustvedt et al. [24] . The ActiReg has been used to validate energy intake estimated from precoded food diaries in adolescents [25] .
Measurements
Anthropometric measures
Height and weight were measured with light clothes and without shoes in all participants. Height was me asured to the nearest 0.5 cm by a calibrated wall-mounted measuring instrument, while body weight was measured to the nearest 0.1 kg using a calibrated laboratory scale. Body mass index (BMI) was calculated as weight divided by height squared (kg·m -2 ).
Physical fitness
Physical fitness (cardiorespiratory fitness as VO 2peak ) was measured using a treadmill, applying the Oslo protocol, designed for children and adolescents [26] . The speed and incline were increased every second minute, one factor at the time. The starting level was speed at 5 km/h and an incline at 1%. The main criterion for VO 2peak was the lack of further increase in O 2 uptake or exhaustion. Participants were instructed not to eat or smoke for at least 2 hours before the test, to avoid high physical activity efforts the last 12 hours before the test and to wear clothing and shoes appropriate for exercise.
Physical activity
The ActiReg measured physical activity during seven consecutive days. The energy expenditure for each day was added up, and total energy expenditure (TEE) and physical activity level (PAL) were calculated. PAL is defined as TEE divided by basal metabolic ratio [27] . The ActiReg calculated a metabolic equivalent (MET) value each minute, which expresses intensity of the activity compared to resting energy expenditure (1 MET = 3.5 ml O 2 ·kg -1 ·min -1 or 1 kcal·kg -1 ·h -1 ) [28] . MET values were categorised in low (METs < 3), moderate (METs 3-6) and high activity (METs > 6) ( Table 1) . Basal metabolic rate was calculated using the FAO/WHO equation [29] .
Study design Reliability
The reliability was evaluated applying a test-retest design. The questionnaires were completed a first time before taking the objective measurements and the second time, 8-12 days later.
Validity criteria
Criterion validity was assessed comparing the selfreported physical activity questions in the WHO HBSC and the IPAQ with physical fitness (cardiorespiratory fitness, VO 2peak ) and physical activity measured by the ActiReg. Cardiorespiratory fitness reflects the ability to transport and utilised oxygen during prolonged, strenuous physical activity. Physical activity was measured in total energy expenditure (TEE) and physical activity level (PAL) for seven days.
Ethics
The study followed the principles outlined in the Helsinki Declaration. It was approved by The Norwegian Data Inspectorate Board and recommended by The Regional Committee for Ethics in Medical Research.
Data analysis SPSS Inc., Chicago IL, version 14.1 was used for all analyses. The statistical analyses were performed for the total group and stratified by gender and age. To evaluate reliability, we calculated single measure intraclass correlation coefficients (ICC). A 95% confidence interval (CI) was used to describe the variety/difference in the ICCs.
To assess the validity of the physical activity questionnaires we used Spearman rank correlation between the questionnaires and the objective measures (VO 2peak , TEE and PAL). In the validity analyses, we used the answers from the first assessment for the WHO HBSC questions. For the IPAQ we used the answers from the second assessment, because the questions asked for activity the last seven days.
Results
Subject characteristics
Seventy-one participants, 56.3% girls, completed the questionnaire and anthropometric measurements. Mean age was 14.9 years (girls 15.3 years, boys 14.4 years) ( Table 2) . Sixty-seven participants completed the VO 2peak measures (30 boys and 37 girls), while 62 (26 boys and 36 girls) completed all parts of the study.
Boys had a significantly higher VO 2peak compared to girls (Table 3) , but there was no significant difference in VO 2peak between age groups. The PAL values for seven days differed significantly between age groups. Adolescents 13-15 year olds were more physically active than the 16-18 year olds. Internally in category "METs < 3", boys were physically active for fewer minutes than to girls. The age group 13-15 year had significantly fewer minutes registered at "METs < 3" compared to the 16-18 year olds, while in the "METs 3-6" (minutes) the 13-15 year olds had significantly more minutes registered than age group 16-18. There were no significant age and gender differences concerning answers on physical activity in any of the questionnaires (Table 3) .
Reliability
According to Landis and Koch divisions of agreement [30] , the WHO HBSC questionnaire indicated a substantial overall reliability (frequency r = 0.73 and duration r = 0.71) ( Table 4 ). Significant differences were found between girls and boys on the WHO HBSC frequency question (r = 0.87 and r = 0.59 respectively), and between age groups on the duration question (13-15 years r = 0.62 and 16-18 years r = 0.85). The values are presented in means with standard deviations in brackets PAL = Average physical activity level for 7 days (PAL = total energy expenditure/basal metabolic rate) TEE = Total energy expenditure in mega joule METs = Intensity of activity compared to resting energy expenditure * Significant difference between genders (p ≤ 0.01) # Significant difference between age groups (p ≤ 0.05)
The overall reliability of the IPAQ questionnaire varied for the different physical activity categories. The lowest correlation was found for walking (minutes per day) (r = 0.10), while the highest correlation was found for walking (days per week) (r = 0.62). The IPAQ walking (days) question showed statistically significant difference between genders (girls r = 0.53 and boys r = 0.77) and age groups (13-15 years r = 0.81 and 16-18 years r = 0.37) ( Table 4) .
Validity
For the total population, a statistically significant correlation was found between VO 2peak and the questions on both frequency (r = 0.39) and duration (r = 0.33) in the WHO HBSC questionnaire ( Table 5 ). The correlation was also significant when the answers were divided into three categories (Table 5 ). Girls had a higher correlation between the WHO HBSC questionnaire and VO 2peak (r varied between 0.41 and 0.55) compared to boys (r varied between 0.21 and 0.31), and correlations were statistically significant in girls only.
The correlation coefficients of the WHO HBSC questions measured against the TEE and PAL was low (Table 5) .
Vigorous activity (days per week) measured in the IPAQ and classified into three categories, was significantly correlated with VO 2peak (Table 5 ). Vigorous activity (minutes per day) and walking (minutes per day) in the IPAQ correlated negatively with VO 2peak , indicating that more minutes of both vigorous activity and walking was associated with a lower VO 2peak . There was, however, a significant correlation between the IPAQ expressed as walking (minutes per day) and VO 2peak for girls (r = -0.41).
The correlation coefficient between the IPAQ questions and PAL was significant for walking (minutes per day) including all (r = 0.43) and for boys when split by gender (r = 0.61). The IPAQ question on sitting (minutes per day) showed a significant negative correlation with PAL for boys (r = -0.68) and was significantly correlated with TEE in girls (r = 0.54). The other associations between the IPAQ questions and the ActiReg measures had a low correlation and were not significant (Table 5 ).
Discussion
The WHO HBSC physical activity questionnaire had a substantial reliability concerning frequency as well as duration of activity, and validity expressed as the spearman correlation coefficient between the answers and physical fitness (VO 2peak ). The IPAQ question on vigorous activity (days per week) and recoded into three categories showed a fair correlation with physical fitness (VO 2peak ). The other questions had a low validity against VO 2peak . Measured against TEE and PAL (ActiReg, 7-day records), validity for both questionnaires was low.
Reliability
In general the reliability of WHO HBSC questionnaire was comparable to a study among Australian high school students [16] . An interesting observation in our study is that the WHO HBSC questionnaire tended to be more reliable for girls. A reliability study by Treuth et al. [31] found no gender difference in the Fels physical activity questionnaire for children. Few studies have however, focused on possible gender differences. The gender differences in our study could be due to the fact that girls tend to be more precise in their answers. Girls probably are less competi- tive than boys concerning physical activity, and thus they may be more "honest" in their answers. Girls value different things and they do not need to emphasise themselves as very physically active. This may strengthen the reliability patterns for girls.
Our results also revealed a difference between age groups. The WHO HBSC questionnaire was more reliable for the oldest group. This is similar to what Treuth et al. found in their study [31] . The lower reliability in the 13-15 year old could be due to a failure to interpret the questions correctly. Those 16-18 years probably had a better understanding of its contents, explaining the higher correlation in the oldest group. The reliability of the IPAQ was lower than that of the WHO HBSC questionnaire. This could be explained by the less structured format (open-ended questions) in the IPAQ. The lower test-retest reliability of the IPAQ could also be related to the reference period, because the questionnaire focuses on the last seven days, while physical activity may change considerably from one week to the next.
Concerning the IPAQ there were only minor differences between genders, except for the question about walking/ days, where boys had a higher reliability than girls. The same was shown in the IPAQ, 12-country reliability and validity study among adults [17] .
Validity
In our study, we used two objective methods to validate the questionnaires; physical activity (TEE and PAL) and physical fitness (VO 2peak ). Physical activity is difficult to measure. Validating self-reported physical activity by questionnaire is therefore a great challenge. Different methods have been applied as validation criteria; accelerometer, pedometer, recall-logs, heart-rate monitoring and different energy expenditure methods [32] . The doubly labelled water method (DLW), indirect calorimetry and direct observations are the most reliable and valid measurements. The DLW method has drawbacks like financial costs and limitations due to the laboratory test situation [32] . Accelerometers have become increasingly popular as measurement tools for physical activity. However, inaccuracies, especially related to underestimation and inconsistency in the definition of what constitutes light, moderate, and vigorous activity have been reported [33] [34] [35] . The ActiReg, used in this study, has been validated against DLW and indirect calorimetry. Hustvedt et al. [24] found good agreement in moderate activity groups (moderately activity from 38 to 104 min per day) with a mean * p < 0.05; ** p < 0.01 3 categories = Classification of physical activity in three levels; "low", "moderate" and "high" activity PAL of 1.70, which is comparable to our mean and therefore support the representativeness of our sample. The ActiReg has some limitations for PAL above 1.70. Applied on a population with low PAL (patients with chronic obstructive pulmonary disease), the ActiReg is found to be a valid tool to assess energy expenditure and distinguish between both the low intensity activity range and moderate to high intensity activity range of physical activity [36] . ActiReg is also able to recognise activities such as sitting and different intensities of movements. We have analysed these separately, but these analyses showed no changes in results (data not shown)
Physical fitness has been related to total and cardiovascular mortality and heart disease. Therefore, cardiorespiratory fitness, measured as VO 2peak , has been preferred as the validation criterion for physical fitness in the last decades, and is considered the gold standard in the assessment of exercise tolerance [37] .
There was a significant correlation between the WHO HBSC questionnaire and VO 2peak for all, except for boys when analysed stratified by gender. When each question in the WHO HBSC questionnaire was analysed separately, the frequency question had a higher correlation than the duration question. The same trend was evident when split by gender. A possible explanation for the differences in the dimensions (duration and frequency) is that the frequency question, which inquires days per week, estimated physical activity more precisely than the duration question, which requests hours per week of physical activity. Another explanation could be related to the fact that days per week are a rougher estimate than hours per week. The IPAQ had a low validity measured against VO 2peak , except for the question about vigorous physical activity during the last 7 days for all. This corresponds to previous research showing that vigorous activity is easier to recall than light activity [38] . Craig et al. [17] reported a typical correlation coefficient for the IPAQ was 0.30 for validity. In our study, the IPAQ recoded in three categories had an acceptable correlation against VO 2peak for all (0.32) as well as separately for girls when split on gender. Nevertheless, each question separately was not a valid measure of physical fitness. The IPAQ seemed to be an acceptable instrument when the questions were compiled. This is important because physical activity is most often recoded and classified using a scoring protocol in epidemiological studies.
The validity for single IPAQ questions within "moderate activity", "walking" (days per week) and "sitting" was poor. "Walking", expressed as minutes per day, was negatively correlated to VO 2peak . This probably means that the girls reporting walking for small distances do not perform vigorous physical activity, and that those with a high intensity activity associated with high cardiorespiratory fitness are inclined not to report lower physical activity like walking. To improve cardiorespiratory physical fitness sedentary persons need an intensity 40 to 60% of maximal aerobic power, corresponds to being slightly out of breathing or sweating [39] . In general an exercise intensity above 80% to 90% of the individuals' maximal aerobic power (vigorous activity; MET > 6) is recommended to increase VO 2peak [40] .
The ActiReg registered all activity performed by the participants for seven consecutive days. It was surprising that only the IPAQ questions about walking and sitting expressed as minutes a day showed significantly negative correlations against the TEE and PAL. Adolescents who reported many walking minutes had a high PAL value. For the IPAQ measured as sitting (minutes per day), these findings indicated that the girls who reported many sitting minutes had a high TEE. In the boys, however, we found the opposite; namely that those who reported many sitting minutes had a lower TEE, which we would expect. The low correlations between IPAQ and TEE/PAL could be related to underreporting of vigorous and moderate activity. We also found this underreporting in the WHO HBSC questions and this could explain the low validity measured against the ActiReg. It is difficult to explain the lack of correlation between the questionnaires and the ActiReg. Based on our results one consideration is that the WHO HBSC questionnaire and the IPAQ have questions which are related to activities that increase cardiorespiratory fitness [15, 19] , and therefore correlate better with VO 2peak than TEE and PAL. However, this large difference between the answers and ActiReg could also be caused by the difficulties in creating accurate questions, and this could be an indication that we should prefer objective methods to measure physical activity in youth [41] . Another explanation might be that our participants were younger than the age group for which the IPAQ was designed, and thus might not fully understand the questions. Recall bias in questionnaires, especially among adolescents, may influence the retrospective response. Active adolescents tend to overestimate physical activity, whereas obese adolescents underestimate physical activity [42] . These variations may result in weaker correlations, thus influencing the validity. Because regular physical activity over a long period leads to physical fitness, we would expect good correlation between answers in questionnaires on physical activity and both ActiReg and VO 2peak .
VO 2peak is a more stable measure than physical activity. Physical activity may change daily, and from one week to next week, while physical fitness does not change considerably in 2-3 weeks' time. A possible bias could be related to the reference period, and we therefore did not find correlations on the criterion physical activity measure.
In our study, the questionnaire answers tended to underestimate physical activity, compared to the ActiReg (Table  3 ). The individual variations and the underestimations could be the explanation on the low validity, compared with PAL and TEE, and illustrates the difficulty to capture the individual energy expenditure in questionnaires [43] .
For an accurate validation, the strength of our study is the use of two objective measures to validate the questionnaires. The sample size in this study is an additional aspect. Our response rate of 35% is, however, rather low and might introduce a risk of an overrepresentation of those who are most physically active. Based on the participants' cardiorespiratory fitness and BMI, our population were, however quite comparable to those in other studies [44, 45] , including the Young-HUNT study, including 90% of the population 13-19 years of age in Nord-Trøn-delag County (data not shown). This indicates a low selection bias of our population.
Our findings of higher correlations with VO 2peak than TEE and PAL could be because adolescents report vigorous activity most precisely. Respondents with a high-energy expenditure may not necessarily have high VO 2peak . Adolescents, who perform vigorous physical activity and thereby have a high VO 2peak , may do little moderate activity and therefore have relatively lower total energy expenditure. Although physical activity and physical fitness are two different dimensions, they are linked and both are correlated to health and survival [13] .
Conclusion
The WHO HBSC questions seemed to be acceptable instruments to measure cardiorespiratory fitness for girls. The IPAQ (recoded into three categories) seemed to be a fair instrument but based on our results none of the questionnaires seemed to be a valid instrument for measuring physical activity among adolescents. In addition, the answers from girls were more reliable and valid than the answers from boys. Thus, validity and reliability of the WHO HBSC questionnaire were acceptable, while validity of the IPAQ was fair for girls. But, they may become better instruments if gender differences are taken into account and the distinction between assessing physical activity and physical fitness is made more precise. These issues should be addressed in the near future.
